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(54) Title: METHOD AND APPARATUS FOR ASPIRATING AND DISPENSING SAMPLE FLUIDS 



(57) Abstract 

This apparatus for aspirating and dispensing includes 
a dilutor having a port coupled to a first port of a flow 
through pressure transducer and to a bleed valve. A 
second port of the flow through pressure transducer is 
coupled to a first port of a sample probe. The flow 
through pressure transducer provides transducer signals to 
a detector circuit. The method includes the steps of first 
aspirating a predetermined amount of air with the dilutor, 
dispensing air while moving the sample probe towards the 
fluid sample, measuring the pressure in the probe and using 
it as a baseline, monitoring the pressure and detecting 
when the pressure changes, which is indicative of the 
probe entering the fluid sample, bleeding the pressure into 
the atmosphere while returning the dilutor to its home 
position, aspirating a predetermined amount of fluid to 
remove dilutor backlash, waiting a predetermined amount 
of time to finish bleeding the system then aspirating the fluid 
sample with the dilutor. With such a method and apparatus 
accurate aspirations/dispensations are provided, especially 
when small volumes are required. 
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5 TITLE OF INVENTION 

Method and Apparatus For Aspirating and 
Dispensing Sample Fluids 

CROSS-REFERENCE TO RELATED APPLICATIONS 
1 0 This application is a continuation-in-part of patent application serial number 

08/960,990, filed October 30, 1997 which is a divisional application of patent application 
serial number 08/501,806 filed July 13, 1995. 



STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR 
15 DEVELOPMENT 

Not applicable 



BACKGROUND OF THE INVENTION 

20 As is known in the art, automated analyzers are used in clinical laboratories to 

measure the various chemical constituents of body fluids, such as whole blood, blood 
serum, blood plasma, cerebral spinal fluid, urine, and the like obtained from patients. 
Automated analyzers reduce the number of trained technicians required to perform the 
analyses in a clinical laboratory, improve the accuracy of the testing and reduce the cost per 

25 test. 

Typically, an automated analyzer includes an automated fluid moving system which 
automatically aspirates a sample of body fluid from a patient's specimen container and 
dispenses the sample into a reaction cuvette. The fluid moving system typically includes a 
pipette which accomplishes the aspirate and dispensing functions under the control of a 
30 robotic arm. 



i 
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Chemical reagents, which are specific to the test being performed, are disposed into 
the sample-containing cuvette thereby mixing the sample with the chemical reagents. By 
examining the reaction products resulting from the mixing of the sample and reagents, the 
automated analyzer determines the concentration of the specific chemical constituent, for 
5 which the testing is being performed, in the patient's specimen. Upon completion of the 
test, the automated analyzer typically prints the results of the test, including a sample 
identifier, a numerical result of the test, and a range of values for the chemical constituent as 
measured by the test. 

During an aspiration operation, the robotic arm, under command of a system 

10 controller, positions the pipette above a specimen container and moves the pipette into the 
container until the pipette reaches the fluid in the container. A syringe type pump is then 
typically operated to draw sample fluid from the specimen container into the pipette. 

One problem that occurs with the fluid moving systems is that occasionally upon 
aspirating a sample, the sample pipette fails to be properly disposed in the sample to be 

15 aspirated. In this case air, rather than a patient specimen, is drawn into the pipette. This 
prevents the necessary sample volume of the fluid specimen from being aspirated or from 
being completely dispensed into the reaction cuvette. If an improper sample volume of 
specimen is mixed with the reagents, an incorrect test result will typically be obtained. 

Generally, when a clinician obtains an unusual test result, the test is repeated and the 

20 new result compared to the previous result. If the two results do not agree to within a 
predetermined limit, the test must be repeated a second time in order to determine which of 
the previous two results is valid. 

An additional prior art method includes aspirating air from the sample probe while 
the probe is being lowered toward the sample. This aspiration while moving the probe 

25 results in varying amounts of air in the system when fluid is aspirated, which in turn results 
in inaccuracies for the aspiration/dispensation of the sample. These inaccuracies can be 
particularly troublesome when aspirating/dispensing small volumes (i.e. 10 ul to 200 ul 
volumes). 
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Thus, it would be desirable to provide an automated fluid sample 
aspiration/dispensation device which .detects physical contact between a probe tip and a 
surface of a liquid to thus ensure that a fluid rather than air is drawn in to the sample probe. 

5 BRIEF SUMMARY OF THE INVENTION 

In accordance with the present invention, an apparatus for aspirating and dispensing 
a sample fluid includes an air source having an output port coupled to an input port of a flow 
through pressure transducer. An output of the flow through pressure transducer is coupled 
to a sample probe which has a tip that contacts the sample fluid. With this particular 

10 an-angement an apparatus for detecting physical contact between the sample probe and a 
surface of a liquid sample is provided. The pressure transducer senses pressure changes 
which result from a number of other events including but not limited to: (a) fluid leaks in a 
fluid path; (b) aspiration through the sample probe; (c) obstruction of a sample probe tip; 
and (d) attachment and detachment of a sample tip to a sample probe. The apparatus may 

15 also include a detector circuit coupled to the transducer. In response to each of the above- 
identified events, the flow through pressure transducer provides a differential voltage signal 
to the detector circuit. 

In a surface detection mode of operation the air source provides a constant air flow 
through the pressure transducer and the sample probe, and probe tip while the sample probe 

20 is being lowered toward a surface of a fluid. Once the sample probe tip reaches the surface 
of the liquid, the pressure transducer senses a change in pressure of the air path in which the 
pressure transducer is disposed. In response to the pressure change the transducer provides 
transducer signals to the detector circuit. The detector circuit detects the signals provided 
thereto and provides a control signal to a system controller. 

25 The detector circuit may be provided with the capability to detect several events 

including but not limited to: leaks; fluid level; aspirate integrity; clots; tip presence and 
pump servo integrity. Each of the events result in identifying signals being provided to a 
system controller for control of the air pump and the sample probe. 

In detecting the position of a surface of a fluid, a sample probe is moved toward a 

30 fluid surface and when contact is made, a change in pressure in the air path inline with the 

3 
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flow through pressure transducer provides a pressure transducer signal representative of the 
contact, further permitting determination and the location of the fluid surface. 

Leaks are detected in a fluid path of an aspirate and dispense apparatus using the 
same apparatus operated to occlude the sample probe tip by inserting the sample probe tip 
5 into a sample fluid and sensing the signal provided by the pressure transducer. A sensed 
pressure below a normalized pressure indicates leaks in the fluid path of the aspirate and 
dispense apparatus. If a leak exists the pressure will not rise to the normal level each time. 
The normal pressure can be established by placing a calibration tip having no opening for 
aspiration onto the sample probe body. 

10 The detector circuit also detects when a sample probe tip is being coupled to a 

sample probe at a tip loader and removal of the sample probe tip at a tip dispense position 
by the increase in pressure when the smaller tip opening is placed over the sample probe. 
The detector circuit also detects when a sample probe tip is occluded by an obstruction 
during an aspirate or dispense operation. The occlusion must be severe enough to trigger a 

15 predetermined pressure change in the pressure transducer. The detector circuit also provides 
an indication whether a system bleed valve is closed or open. The detector circuit also 
evaluates the pump servo integrity by comparing the air pump voltage with a voltage of the 
pressure transducer in the tubing and determining whether the voltage relationship is within 
predetermined limits. The detector circuit also determines aspirate integrity by verifying 

20 that an air aspiration results in a pressure change within predetermined limits. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 
This invention is pointed out with particularity in the appended claims. The above 
and further advantages of this invention may be better understood by referring to the 
25 following description taken in conjunction with the accompanying drawing, in which: 

FIG. 1 is a block diagram of an automated fluid sample aspiration/dispensation 
apparatus; 

FIG. 2 is a diagrammatical view of an automated fluid sample 
aspiration/dispensation apparatus; 
30 FIG. 3 is a block diagram of a detector system; 
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FIG. 4 is a schematic diagram of detector circuits for various functions; 
Fig. 5 is a diagram of a further embodiment of an automated fluid sample 
aspiration/dispensation apparatus; and 

Fig. 6 is a flow chart of a method using the embodiment of Fig. 5. 

5 

DETAILED DESCRIPTION OF THE INVENTION 
Referring now to FIG. 1, aspirating and dispensing apparatus includes a constant air 
source 1 2 having an output port 1 2a coupled through a two way bleed valve 14 to a first port 
16a of a three way pump valve 16. Bleed valve 14 has a vent 14* which is controlled by 
10 bleed valve 14 to be open or closed as described below. 

The constant air source 12 should be of a type capable of providing a constant air 
flow at a predetermined rate and pressure to the pump valve 16. This rate and pressure is 
fairly low and depends on overall system parameters. 

A second port 16b of pump valve 16 is coupled to a first input port 18a of a T- 
15 junction 18 and a third port 16c of the valve 16 is coupled to a vent. A second port 18b of 
the T-junction connector 18 is coupled to a sample probe dilutor 20 which may be provided 
for example as a syringe or pumped dilutor source. 

A third port 18c of T-junction connector 18 is coupled to a flow through pressure 
transducer 22 at a first port 22a. A second port 22b of the transducer 22 is coupled to a 
20 sample probe 24 which may, for example, be provided as a pipette tube holder. Thus the 
pressure transducer 22 is located in-line with a fluid conduit between the air source 12 and 
the sample probe 24. 

The pressure transducer 22 is preferably located proximate the sample probe 24 to 
thus improve the signal to noise ratio of the pressure measurement. The sample probe 24 is 

2 5 controlled by a robot arm 23 to move to and/or from a cuvette 3 1 to aspirate or dispense in 
an automated assay system or to/from a tip stations 25 and test tube 27. In response to fluid 
flow through the pressure transducer 22 the transducer provides an electrical signal through 
a signal line 26 to a detector system 28. The detector circuit 28 receives input signals from 
the transducer 22 and provides output signals to the air source 12 and to a microprocessor 

30 based control system 33 via a microprocessor bus 30. 

5 
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The detector system 28 detects the occurrence or non-occurrence of different events 
throughout an analyzer cycle automated analyzer system. 

In response to the input signals from the transducer 22, the detector system 28 
provides a plurality of functions to indicate by appropriate output signals when a distal end 
5 of the sample probe 24, typically having a pipette tip, physically contacts a fluid sample 3 1 
disposed in tube 27 or cuvette 32 into which the sample probe 24 is lowered by arm 23. 

FIG. 2 shows in more detail the system of FIG. 1. As shown therein an aspirating 
and dispensing apparatus includes constant air source which here includes an air pump 70 
coupled to an accumulator 72 having a vessel in which air provided from the air pump 70 is 
10 stored at a particular pressure such that a supply of air at a constant, low pressure is 
immediately available at an output port 72a of the accumulator. In this particular 
embodiment, the accumulator 72 is provided as a coil of tubing 73 which acts to regulate the 
pressure and variable flow rates and is diminished according to the needed slow regulation 
in pressure measurement. A three port connecting member 74 disposed between the coil 73 
15 and the air pump 70 has a first port coupled to the output port of the air pump 70 and a 
second port coupled to a first port of the coil 73. A third port of the connecting member 74 
provides a vent port to which is coupled a vent tube 76. 

To ensure proper operation of the aspirating and dispensing apparatus, the air pump 
70 provides a relatively low air flow at the output port 72a of the accumulator 72. To 
20 provide such an air flow connecting member 24 vents a portion of the flow from air pump 
70. 

The vent tube 76 may preferably be provided as part of the coil 73 (e.g. provided on 
an inside portion the accumulator coil 73). The vent 76 establishes an upper pressure limit 
to which the pump 70 will be exposed even in the case of complete occlusion of the sample 
2b probe. 

The accumulator 72 may also be implemented using other techniques well known to 
those of ordinary skill in the art. 

The accumulator output port 72a is coupled through a bleed valve 14 to a common 
port 80a of pump valve 80 corresponding to pump valve 16. The pump valve 80 also 
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includes a normally open port 80b to the sample probe and a normally closed port 80c to a 
vent 80d. The pump valve 80 is controlled by a controller 94. 

The port 80b of pump valve 80 is coupled to a first port 82a of a three port 
connecting member 82. A second port 82b of the three port connecting member 82 is 
5 coupled to a dilutor 84. The dilutor 84 may be provided for example as a syringe pump in 
which the movement of a piston 86 in a first direction forces fluid from a housing 88 while 
movement of the piston 86 in a second opposite direction pulls fluid into the housing 88 
through port 82b. 

A shaft 90 couples the piston 86 to a linear stepper motor 92. In response to signals 

10 received from controller 94, the stepper motor 92 drives the piston 86 in first and second 
opposite directions within the housing 88. In a preferred embodiment, the controller 94 is 
provided as a microprocessor based controller. 

A third port 82c of the three port connecting member 82 is connected to a tube 96 
having an inner diameter which fits the port 82c sealing the connection. 

1 5 A pressure transducer 98 has a first port 98a coupled to a second end of the tube 96 

and a second port 98b coupled to a first end of a typically resilient tube 100. A second end 
of the tube 100 is coupled to a first port of a sample probe 102. Thus the connecting 
element 82 and tubes 96, 100 and pressure transducer 98 provide a fluid path between the 
sample probe 1 02 and the pump valve 80 and dilutor 84. 

2 o The pressure transducer 98 is here provided as a flow through pressure transducer of 

the type manufactured by the Micro Switch Division of Honeywell Corporation and 
identified as a 26PC Series pressure transducer and more particularly as part number 26PC 
BFG 6G. The sensitivity of the transducer 98 corresponds to about 10 mV/PSI of pressure 
difference. Other flow through pressure transducers having suitable fluid and electrical 

2 5 characteristics may also be used. 

To facilitate connecting of the transducer ports 98a, 98b to the respective ones of the 
tubes 96, 100 with substantially different diameters, each of the ports 98a, 98b has coupled 
thereto a mating tube 101. The mating tubes 101 are provided from a relatively flexible 
material having a relatively high elasticity characteristic and a non-stretched diameter 

30 selected to accept the outside diameter of the tubes 96, 100 with a slight interference fit. 

7 



WO 00/33087 



PCT/IB99/01928 



The sample probe 102 includes a probe body having a channel 1 10 between a first 
fluid port 106a to which the system tubing 100 is coupled and having a second fluid port 
106b to which a sample probe tip 108 is coupled. In this particular embodiment, the sample 
probe tip 108 is provided as a disposable sample probe tip which is removably coupled to 
5 the sample probe body 1 06. It should be appreciated, however, that in some applications it 
may be desirable to provide the sample probe tip as a non-disposable plastic tip which is 
permanently secured to the sample probe body 106. 

The tube 100 which couples the transducer 98 to the sample probe 102 is here 
provided having a length typically of about nine and one-half inches. It is desirable to 
io minimize the distance between the sample probe 102 and the pressure transducer 98. In 
some applications, it may be desirable or even necessary to place the pressure transducer 98 
closer than nine and one-half inches from the sample probe 102 and as close as possible to 
the sample probe 102. 

In applications in which it is desirable to maximize sensitivity of the apparatus 66 to 
1 5 small changes in pressure, for example, it would be desirable to directly mate the transducer 
98 to the sample probe 102. In practical applications, however, it is often not possible due 
the size of circuit components and available packaging space to achieve this goal. Thus, as 
trade-off, the pressure transducer 98 should be coupled to the sample probe 102 via a tube 
which minimizes the length of the fluid path between the transducer 98 and the sample 
20 probe 102. 

For this purpose the pressure transducer 98 may be disposed on a printed circuit 
board (PCB) coupled to the sample probe 102 or as mentioned above, if space permits the 
pressure transducer may be directly disposed on the sample probe 102. 

In this particular embodiment the flow through pressure transducer 98 has a pair of 
2 5 electrical terminals 98c, 98d one of which corresponds to a positive output terminal and one 
of which corresponds to a negative output terminal of the transducer 98. The transducer 98 
provides a differential output voltage on the output terminals 98c, 98d representative of the 
pressure difference between the pressure in the sample probe tip and an ambient 
atmospheric pressure. 



8 
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The transducer 98 is electrically coupled through lines 1 1 1 to a detector circuit 1 12 
at a pair of input terminals 1 12a, 1 12b. The detector circuit 1 12 receives input signals from 
the pressure transducer 1 12 and provides at its output terminals output signals to controller 
94 and to the air pump 70. 

In operation, prior to aspirating a sample fluid from a tube 27 or cuvette 32, the vent 
port 80c of pump valve 80 is initially closed and the common and sample probe ports 80a, 
80b are initially open. Also, the vent port of the bleed valve 78 is closed and the piston 86 is 
positioned so that no fluid is inside the housing 88. The air pump 70 is then turned on, 
forcing air. through a fluid path which leads to the sample probe tip 108a. Thus air is forced 
out of the sample probe tip at a predetermined rate which creates a predetermined pressure 
measured by Pressure Transducer 98. 

The sample probe 106 is moved toward a region in which fluid is expected to be 
contacted such as in the tube 27. When the sample probe tip 108a initially contacts fluid, 
the tip 108a is occluded by the fluid. This results in the fluid conduit coupled between air 
pump 70 and the sample probe tip 108, including fluid lines 96, 100, being pressurized. The 
pressure transducer 98 senses the increased pressure level and provides a transducer signal 
to the detector circuit 112. 

The detector circuit 112 then provides a control signal to the controller 94 which 
stops the sample probe from being lowered further or beyond a preset point into the fluid 
sample. The controller 94 provides control signals to open the vent port of the bleed valve 
78 to thus de-pressurize the fluid path between the air pump 70 and sample probe 102 
including the fluid path in which the pressure transducer 98 is disposed. 

After the fluid lines have been de-pressurized, the controller 94 closes the vent port 
of the bleed valve 78. De-pressurizing the fluid path between the dilutor 84 and the 
connecting member 82 prior to moving the piston 86 improves the ability of the system to 
accurately determine the aspirate and dispense fluid volumes. If the fluid path between 
dilutor 84 and connecting member 82 were pressurized when the piston 86 began to move 
the dilutor 84 would initially be forced to overcome the pressure built up in the fluid path. 
Thus, rather than aspirating fluid in response to movement of piston 86, pressure in the fluid 
path between the dilutor 84 and sample probe 102 would be equalized with the pressure in 
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the dilutor, otherwise it is relatively difficult to precisely determine the amount of fluid 
which was drawn in by the dilutor 84. However, by opening and then closing the 

bleed valve 78 the pressure in the fluid line is set to atmospheric pressure. Thus, fluid can 
be immediately drawn into the sample probe tip 108 in response to operation of the dilutor 
5 84. 

The apparatus also detects leaks in the fluid paths. To detect leaks, the sample probe 
tip 108 is completely occluded and the tubing is pressurized by turning on the pump 70. 

The probe tip 108 is occluded and the pump 70 is left on. The pressure in the fluid 
path between sample probe 102 and connecting member 82 is thus allowed to rise to a 
10 predetermined limit established during a calibration routine. If no leaks exist, then the 
pressure will rise to substantially the same calibration level each time the sample probe is 
occluded. If a leak exists, however, the pressure will not rise to substantially the same level 
each time. 

For each system a calibration routine will be performed whereby the tip is occluded 

15 and the pressure to which fluid in the fluid paths rise is determined. The tip 108a may be 
occluded, for example, by placing a calibration tip onto the sample probe body 106. Such a 
calibration tip would be provided having an opening in one end thereof to be attached to the 
sample probe port 106b and no opening in the second end thereof. 

The system controller 94 would then perform a sample probe calibration routine to 

2 o establish a threshold pressure and voltage. 

Referring now to FIG. 3, detector circuit 112 is shown to include a fluid pressure 
transducer 122 (corresponding to transducer 98 and 22) having a pair of fluid ports 122a, 
122b and a pair of electrical signal terminals 122c, 122d on which a differential electrical 
signal is coupled to an amplification circuit 124. The transducer 122 detects pressure 

25 changes which result in the fluid path due to the occurrence of particular events. For 
example, the transducer 122 senses pressure changes which result from a number of events 
including, but not limited to some or all of the following: (a) fluid leaks in a fluid path; (b) 
contact between a sample probe tip and a surface of a fluid; (c) aspiration of air through a 
sample probe; (d) obstruction of a sample probe tip; and (e) attachment and detachment of a 

30 sample tip to a sample probe. 
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In response to each of these events, the flow through pressure transducer 122 
provides a corresponding differential voltage signal to an amplifier circuit 124 at input 
terminals 124a, 124b. The amplifier circuit 124 receives the differential signal fed thereto 
from the pressure transducer 122 and provides an amplified single ended output signal at an 
output terminal 124c thereof. The amplified output signal is fed to an input terminal 126a of 
a signal conditioner and pump control circuit 126, 

A plurality of event detector circuits 128-136 axe coupled to an output terminal 126b 
of the signal conditioner and pump control circuit 126 to receive a pressure signal and a 
pump servo integrity circuit 128 is coupled to an output tenrunal 126c of signal conditioner 
and pump control circuit 126. While each of the circuits 128-136 will be described further 
below in general each of the circuits 128-138 receives an input signal from signal 
conditioner and pump control circuit 126 at respective input terminals 128a-136a thereof 
and compares the signal level of the input signal to one or more threshold signal levels 
internally generated. Each of the circuits 128-138 may be provided having different 
threshold signal levels. Circuit 126 may be software implemented or otherwise as may be 



effective 



In response to the input signal having a signal level either greater or less than the 
threshold signal levels, each of the circuits 128-138 provide representative output signals at 
the output terminal thereof. Each of the output terminals 128b -138b are coupled to 
controller 94 described above in conjunction with FIG. 2. 

The output signals indicate whether or not a particular event occurred or the status of 
the aspirate-dispense apparatus. It should be noted that each of the circuits 128-138 and 126 
may be implemented via a programmed microprocessor or alternatively may be 
implemented via comparator circuits. 

An output terminal 126d of the signal conditioner and pump control circuit 126 is 
coupled to an air pump 140 corresponds to pump 70. 

The leak detector circuit 128 receives the signal on line 126b and detects whether 
any leaks exist, in the fluid paths of the apparatus (FIG. 2). When operating in a leak 
detection mode the controller 94 (FIG. 2) pressurizes the fluid paths in the apparatus Leak 
detector circuit 128 measures the signal level of the signal on line 126b and in response to 



11 



WO 00/33087 



PCT/IB99/01928 



the signal level detector circuit 128 provides a signal to controller 94. The signal level of 
the line 128b signal indicates to controller 94 whether or not a leak exists in the fluid paths 
of apparatus 66. 

Fluid level detector circuit 130 detects when the distal end 108a of the sample probe 
5 tip 1 08 physically contacts and is inserted into a sample fluid. 

Aspirate integrity detect circuit 132 detects whether or not pump valve 80 is 
operating correctly. After a tip is placed on the sample probe, the sample probe port 80b 
of pump valve 80 (FIG. 2) is closed and air is aspirated. This should result in a pressure 
change to a predetermined level. If there is a leak in the tubing or the sample probe port 80b 
10 did not close, then the pressure change will not reach the proper level. Thus the aspirate 
integrity detect circuit 132 indicates whether or not the pump valve 80 has worked correctly. 

Clot detector circuit 134 detects whether or not the sample probe tip 108 was 
occluded during aspirate and dispense operations. 

In those applications where probe tip 108 is provided as a plastic disposable probe tip, tip 
1 5 detector circuit 1 36 detects when the probe tip is coupled to and decoupled from the sample 

probe body 106 based on a change in pressure to predetermined levels in each case. 

Pump servo integrity circuit 138 monitors the voltage signal used to servo the air 

pump 140 and determines whether or not an appropriate servo voltage is being applied to 

the pump 140. An incorrect voltage would indicate an error in condition such as a blocked 
20 flow path. 

By examining detector signals provided from detector circuits 128-138, a number of 
failures in the aspirate and dispense apparatus of FIG. 2 can be detected. For example, a 
failed pressure transducer, a failed air pump or a bleed valve stuck in the open position (i.e. 
always bleeding) may be detected by examining signals on lines 130b, 136b and 138b. 

A bleed valve stuck in the closed position (i.e. never bleeding) may be detected by 
examining the line 130b signal. 

Similarly, the 132b signal may be examined to detect if the sample probe port of the 
pump valve is stuck in the open position so as to continuously provide air from the air pump 
70 (FIG. 2) to the sample probe 102. A pump valve stuck in the closed position such that 
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the pump valve fails to provide air to the sample probe 102 may be detected by examining 
the 130b and 138b signals. 

A leak in the tubing large enough to affect dispense performance or the level sense 
operation may be detected by examining the line 138b, 132b and 128b signals. 
5 It should be noted that each of the event detector circuits 128-138 compares the 

respective input signal fed thereto to internally generated threshold voltage levels to 
determine the occurrence or non-occurrence of particular events. In response to the compare 
operations, each of the event detector circuits 128-138 provides an appropriate output signal 
to controller 94. 

io Referring now to FIG. 4, the details of the signal conditioner and pump control 

circuit 126 are shown. 

The input to the signal conditioner and pump control circuit is coupled through a 
resistor 155 to an inverting input of an inverting amplifier 160. The inverting amplifier 160 
provides the line 126b signal to the detectors 128-136. 
15 A resistor Rl and capacitor CI are coupled in a negative feed-back path as shown 

between the output terminal of the inverting amplifier 160 and the inverting input terminal 
of the amplifier 160. A non-inverting input of the inverting amplifier 160 is coupled to a 
first terminal 162a of a sample and hold circuit 162. 

A charge storing capacitor 164 for the hold function is coupled between a second 
terminal 162b of the sample and hold circuit 162 and ground. A third terminal 162c of the 
sample and hold circuit 162 is coupled to an output terminal of a second inverting amplifier 
166 and a fourth terminal 162a of the sample and hold circuit 162 is coupled to the system 
controller 94. 

The non-inverting input of the second inverting amplifier 166 is coupled to ground 
25 and the inverting input of the amplifier 1 66 is coupled through a resistor R2 to the output 
terminal of the first inverting amplifier 160. A feedback capacitor C2 is coupled between 
the output and the inverting input of the amplifier 1 66. 

The output terminal 160c of the first amplifier 160 is also coupled through a resistor 
R3 to an inverting input of a third inverting amplifier 170. The non-inverting input of the 
30 inverting amplifier 170 is coupled to a reference voltage 171 through a voltage divider 
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network 172 having resistors R4, R5 selected in conjunction with the voltage level of the 
reference voltage 171 such that a predetermined threshold voltage is provided to the non- 
inverting input terminal 1 70b of the inverting amplifier 1 70. 

A capacitor C3 is coupled between the output terminal and inverting input of 
amplifier 170. 

The output terminal 170c of the third inverting amplifier 170 is coupled to a first 
terminal 174a of a sample and hold circuit 174. A charging capacitor 176 is connected 
between a second terminal 174b of the sample and hold circuit 174 and ground. A third 
terminal 174c of the sample and hold circuit 174 is coupled through a resistor R6 to an input 
terminal 178c of a voltage regulator circuit 178 and a fourth terminal 174d of the sample 
and hold circuit 1 74 is coupled to the system controller 94. The system controller provides 
a control signal to the sample and hold circuit causing it to operate in either a sample mode 
or a hold mode. 

The voltage regulator 178 has a voltage input terminal 178a coupled to a reference 
voltage source 179. A voltage output terminal 178b of regulator 178 is coupled through a 
resistor to control pump 140. A zener diode 184 is coupled between the input 178c and 
ground clamping the input to not exceed a predetermined voltage. 

A resistor 186 is coupled between node 180 and the anode of the zener diode 184 as 
shown. A switch 192 is coupled between a second terminal of pump 140 (corresponding to 
air pump 70) and ground. In response to a first control signal from controller 94 the switch 
1 92 is made conducting, activating the air pump 1 40. 

The sample and hold circuit 162 establishes a reference or normalized voltage level 
for the signal on line 126b corresponding to a reference or normalized pressure level in the 
pressure transducer 122. 

The sample and hold circuit 162 is placed in sample mode by the controller 94 in 
which it connects a signal path between the output of amplifier 166 and the non-inverting 
input of.amplifier 160. Amplifier 166 provides an output signal to sample and hold input 
terminal 162c. 

Amplifier 166 provides a bias signal at its output that is applied to the non-inverting 
input of amplifier 160 via sample and hold circuit 162 until the signal provided at the output 
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of amplifier 160 is driven to a voltage level corresponding to ground. At this point 
controller. 94 

provides a second control signal to sample and hold terminal.l62d which places the sample 
and hold circuit in the hold mode. The voltage level of the sample and hold circuit is thus 
setting a value which causes the line 126b output to be zero for what ever pressure is sensed 
Thereafter the voltage level of the signal on line 126b is representative of relative pressure 
changes detected by the pressure transducer. 
System operation: 

(1) a system cycle begins with the sample probe 102 (FIG. 2) without a tip. A 
control signal from the controller 94 (FIG. 2) biases the switch 192 into its non conduction 
state thus decoupling the air pump 140 from ground and thereby turning off the air pump 
140. With air pump 140 off, no pressure exists in the fluid path in which the flow through 
pressure transducer 122 is disposed. Thus, the pressure transducer 122 provides a 
differential output signal corresponding to zero pressure to the input terminals of the 
amplifier 124 (FIG. 3). Also with the pump 140 turned off the voltage regulator 178 and 
zener diode 184 maintain the voltage at line 178b at a set voltage level. Furthermore, the 
output terminal of amplifier 1 70 provides a voltage level corresponding to the rail voltage. 

(2) The controller 94 then provides a control signal to the sample and hold 
circuit 162. In response to the control signal, the sample and hold circuit 162 drives output 
126b to zero volts. 

(3) The controller 94 then provides a control signal to turn the pump valve 80 on 
(FIG. 2) and also provides a second control signal to bias the switch 192 into its conduction 
state thereby turning on the air pump. When the pump is initially turned on the voltage 
across the pump is at a high voltage. Whenpump 140 is first turned on amplifier! 70 servos 
the pump voltage so that line 126b is at the voltage at its noninverting input Prior to the 
pump turn-on, the output of amplifier is at the positive rail driving current through resistor 
176 and forcing line 178c to the zener voltage set by zener 184. This causes a rapid 
spinning of pump 140. Over time, amplifier 170 servos the loop resulting in its output 
falling as line 126b increases with the build up of the pressure signal from transducer 122. 
At a desired pressure voltage, the sample and hold circuit 174 is caused by controller 94 to 
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hold that voltage for a cycle. Also, in response to the pump being turned on the pressure in 
the system fluid lines rises rapidly. 

(4) After a period of typically 500 milli-seconds the controller 94 provides a 
control signal on line 1 76d to the control port of the second sample and hold circuit 1 74 thus 
placing the sample and hold circuit in the hold mode. The zeroing of output line 126b 
procedure of step "2" is repeated here as a very fast recalibration step. 

(5) The controller 94 then measures the output of the integrity circuit 138 to 
determine if the signal is within a predetermined voltage range. If the signal has a voltage 
level outside a predetermined voltage range then an error signal is .generated by the 
controller 94 and processing stops. If the signal has a voltage level within a predetermined 
voltage range then processing continues and the controller moves the sample probe 102 via 
robot arm 23 to a station 25 (FIG. 1) at which it may pick up a disposable probe tip. 

(6) Line 126b is again zeroed as in step "2" and a fresh tip is placed on the 
probe. During placement of a probe tip on the probe body, the air in the line experiences a 
brief transient as the tip is inserted. Controller 94 examines the signal on line 136b from 
detector 136 to determine whether the signal corresponds to a preset level for a 
predetermined period of time to confirm tip placement. The pump filter is on and all values 
stay as set. 

(7) The controller 94 turns off the pump valve 80. The air pump 140 remains 
running. 

(8) Line 1 26b is zeroed again according to step !, 2" 

(9) Once the tip is coupled to the sample probe body, the controller 94 engages 
the stepper motor 92 which draws the piston 86 into the cylinder 84. Since the tip has not 
yet been disposed in a fluid, this results in air being aspirated into the fluid paths through the 
disposable sample probe tip. After the aspiration is complete, the controller determines 
whether an error exists via the aspirate integrity detector circuit 130 (FIG. 3) as follows 

(10) The controller 94 turns the pump valve 80 on thus supplying air flow to the 
sample probe 102. The controller 94 then zeros line 126b . 

(11) The controller 94 moves the sample probe via robot arm 23 to a position in 
which the sample probe can access a sample tube 27 holding a fluid sample. 
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(12) The sample probe is lowered in the direction of the fluid tube 27. Once the 
disposable probe tip reaches the fluid, the pressure transducer 122 senses a change in 
pressure and provides a signal to the detector circuit 112. In response to the signal provided 
thereto from the pressure transducer 122, the detector circuit 130 generates a signal on 

5 output 1 30b and provides the signal to the controller. 

(13) While monitoring line 130b, the controller 94 moves the disposable tip into 
the fluid sample to a predetermined penetration depth selected to allow aspiration of the 
needed fluid. 

(14) After the disposable tip is moved to the predetermined depth, the controller 
10 waits for a predetermined period of time, typically about 500 msec, and then examines the 

signal on line 128b provided by leak detect circuit 128 (FIG. 3) to determine if any leaks are 
present in the system. 

(15) The controller 94 provides control signals to turn on the bleed valve and rum 
off the air pump as described above to normalize the fluid line in preparation for aspirating 

15 fluid. 

(16) The controller 95 then turns off the pump valve 80 and 

(17) engages the stepper motor 92 (FIG. 3) causing the dilutor to aspirate fluid into 
the sample probe tip 108. The controller 94 also monitors the line 134b signal provided by 
clot detector circuit 134 to determine if the sample probe fluid path has been obstructed 

2 o during the aspirate operation. 

(18) If no clot detection occurs then the controller 94 moves the sample probe to a 
position in which a sample fluid may be dispensed into a cuvette 32. 

(19) The controller 94 provides a control signal causing the stepper motor to 
dispense the sample fluid into the cuvette 32. The controller again examines the line 134b 

25 signal to determine if the sample probe fluid path has been obstructed during the dispense 
operation. 

(20) After the dispense operation is complete the controller 94 moves the probe 
body to eject the disposable tip. The signal on line 1 36b provided by tip detector circuit 1 36 
(FIG. 3) should be present a few msec, thereby indicating that the disposable tip is removed 

30 from the sample probe body. 
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A leak is detected by leak detection circuit 128 (Fig. 3) in the following manner. As 
described above in conjunction with FIG. 4, the disposable tip of the sample probe is moved 
toward the fluid sample with the air pump on thus allowing the detection of the fluid sample 
level. Once the disposable tip is disposed in the fluid, the air pump remains on thereby 
5 letting pressure build up in the fluid lines. 

The air pump provides the air at a flow rate which does not allow the pressure to rise 
to a level which causes a bubble in the sample fluid. Rather, pressure in the sample probe 
and fluid path leading thereto builds to a static pressure. The pressure range of the static 
pressure will be known from a calibration step to be described below. 

10 The predetermined static pressure level corresponds to an equalizing pressure. 

Ideally the pressure should build up to the same value each time although in practice it is 
recognized that this will not be the case. However, if a hole or fluid leak exists in the fluid 
path then the pressure will not rise to the predetermined level and thus the line 126b signal 
will not reach a comparison threshold voltage level established in circuit 128. The circuit 

15 128 will thus provide an output signal on line 128b which indicates that the threshold has 
not been reached and that a leak exists in the fluid path. 

The static pressure and thus the threshold needed in circuit 128 will not be the same 
for every instrument. Rather it is a function of the tubing length, tubing diameters, and 
mechanical tolerances of each of the system components, etc.... Thus, a calibration step is 

2 o used to set the threshold. 

To calibrate the system, steps 1-5 are repeated as above. The sample probe is 
completely occluded such as by placing a calibration tip having a closed end on the probe 
body. This establishes a calibration voltage for the comparison threshold of circuit 128. 
The actual threshold voltage in circuit 128 is set a small voltage below that to insure that the 

25 voltage on line 126b exceeds the threshold where leaks are not present and the output 128b 
changes to reflect that. 

The level sense detect circuit 130 responds to the line 126b signal and compares it to 
an internal reference. The output on line 130b is high until the disposable tip contacts a 
sample fluid. Then, with the air pump continuing to provide an air flow resulting in the 

30 pressure transducer 122 causing a signal rise on line 126b above the threshold voltage the 
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signal on line 130b drops typically to about zero volts, thus indicating that physical contact 
between the sample probe and the sample fluid has occurred. 

The aspirate integrity circuit 132 receives the signal on line 126b and if it is below a 
threshold voltage level established internally provides an output signal on line 132b having 
> a high voltage (typically 5 volts). Once the signal level on line 126b reaches the threshold 
voltage, the circuit 132b provides on line 182b a low voltage (typically zero). 

During an aspiration operation, the vent port of the pump valve is opened and the 
sample probe port of the pump valve should be closed to thus isolate the bleed valve, the 
coil and air pump from the dilutor and pressure transducer. However, it is not possible to 
determine whether the pump valve operated correctly. Thus with the sample probe port of 
the pump value closed, air is aspirated through the sample probe. This should result in a 
pressure change in the fluid path in which the transducer is disposed. 

If a leak exists in the pump valve, however, the pressure generated due to the 
aspirate operation will not rise to the proper threshold level for circuit 132. Consequently 
the pressure transducer 122 would provide a signal having an amplitude insufficient to reach 
the threshold voltage. The circuit 132 thus provides at the output terminal 132b a signal 
having a voltage level indicating that a leak in the pump valve was detected during an 
aspirate operation. 

The clot detection circuit 134 has a dual comparison function with a pair of 
threshold levels set to detect whether the voltage level of the signal on line 126b falls within 
a predetermined voltage range between them. This is because the pressure transducer 122 
(FIG. 3) measures different pressure levels during aspirate and dispense operations. For 
example, when the dilutor piston stops after being moved during an aspirate operation, the 
pressure measured by the transducer should drop below a predetermined threshold voltage. 
If the pressure transducer fails to indicate such a pressure drop then the voltage level of the 
line 126b signal would likewise not change, thus indicating that the sample probe tip was 
occluded. 

Similarly, during a dispense operation the pressure should stay above a 
predetermined threshold voltage. If the pressure transducer senses a pressure drop or rise 
during a dispense operation, then the voltage level of the line 126b signal would likewise 
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change to a level outside the predetermined threshold voltage range thus indicating that the 
sample probe tip was occluded during the dispense operation. 

The clot detection circuit may also be of the type described in co-pending patent 
application serial number 08/499,820 filed July 10, 1995 assigned to the assignee of the 
5 present invention and incorporated herein by reference. 

The pump servo integrity circuit 138 with input terminal is coupled to an output 
terminal, line 126c, of the sample and hold circuit 174 (FIG. 4). If this air pump servo 
voltage signal is not within a predetermined range, then the pump servo integrity circuit 138 
provides an output signal so indicating at output terminal 138b. This signal is only 
l o examined by the controller 94 when setting the pump voltage. 

Two threshold voltages are provided in circuit 138 respectively set at opposite 
voltage extremes. The threshold voltage levels are selected such that if the line 126c signal 
level exceeds these threshold levels, it indicates that the pump control circuit is unable to 
servo the pump in the desired manner. Thus when the line 1 26c signal is between these 
15 thresholds, the line 138c output voltage level is high. When the line 126c signal is outside 
the threshold voltage range the output signal is about zero volts. 

It should be noted, that in some embodiments, it may be preferable to detect the 
signal level of the line 126b signal rather than the line 126c signal in which case the 
threshold voltage levels would be set differently. 
20 The tip detection circuit 136 has a pair of threshold levels set internally at +/- low 

voltages defining a range about zero for the line 126b signal level above which the line 126b 
signal goes upon tip installation and below which line 126b goes on tip removal. 

Inside this range, the output 136b is high; outside the range the output is low. 

When a disposable sample tip is placed on the sample probe body, the voltage level 
25 of the line 126b signal will rapidly rise. The controller 94 examines the signal level of line 
136b at the output terminal of the tip detection circuit. The controller 94 detects the signal 
level of the line 136b signal and verifies that the signal remains high for a predetermined 
time period, typically about 10 msec. Then there exists a relatively high probability that a 
tip was in the tip holder and that a disposable tip was actually placed onto the probe body. 



20 



WO 00/33087 



PCT/IB99/01928 



In a similar manner, when a disposable tip is removed from the probe body, a 
pressure change occurs and is detected by the pressure transducer. The pressure transducer 
provides a corresponding output signal having a voltage transient below the range which is 
detected. In the event that a tip is not removed, the controller 94 detects the line 136b signal 
5 staying in range and acts to prevent a new tip from being disposed over an old tip that was 
not removed. 

Referring now to Fig. 5, an additional embodiment of an aspirating and dispensing 
apparatus 66' is shown. In this embodiment the constant air source, damper coil, pump 
valve and filter of an earlier described embodiment have been eliminated. The aspirating 

10 and dispensing apparatus 66' includes a bleed valve 80' which is controlled by a controller 
94. In a particular embodiment, the controller 94 is provided as a microprocessor based 
controller. Port 80b of bleed valve 80' is coupled to a first port 82a of a three port 
connecting member 82. Port 80a of bleed valve 80' may be open to the atmosphere or 
include a filter 300. A second port 82b of the three port connecting member 82 is coupled 

15 to the output of a dilutor 84. A third port 82c of the three port connecting member 82 is 
connected to a tube 96 having an inner diameter which fits the port 82c sealing the 
connection. 

A pressure transducer 98 has a first port 98a coupled to a second end of the tube 96 
and has a second port 98b coupled to a first end of a tube 100. A second end of the tube 100 
20 is coupled to a first port 106a of a sample probe 102. Thus the connecting member 82 and 
tubes 96, 100 and pressure transducer 98 provide a fluid path between the sample probe 102, 
the bleed valve 80' and the dilutor 84. 

To facilitate connecting of the transducer ports 98a, 98b to the respective ones of the 
tubes 96, 100 with substantially different diameters, each of the ports 98a, 98b has coupled 
25 thereto a mating tube 101. The mating tubes 101 are provided from a relatively flexible 
material having a relatively high elasticity characteristic and a non-stretched diameter 
selected to accept the outside diameter of the tubes 96, 100 with a slight interference fit. 

The sample probe 102 includes a probe body 106 having a channel 110 between a 
first fluid port 106a to which the system tubing 100 is coupled and having a second fluid 
30 port 1 06b to which a sample probe tip 1 08 is coupled. 
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The tube 100 which couples the transducer 98 to the sample probe 102 is here 
provided having a length typically of about nine and one-half inches and is comprised of a 
generally resilient material. It is desirable to minimize the distance between the sample 
probe 102 and the pressure transducer 98. In some applications, it may be desirable or even 
i necessary to place the pressure transducer 98 closer than nine and one-half inches from the 
sample probe 102 and as close as possible to the sample probe 102. 

In this particular embodiment the flow through pressure transducer 98 has a pair of 
electrical terminals 98c and 98d one of which corresponds to a positive output terminal and 
one of which corresponds to a negative output terminal of the transducer 98. The transducer 
98 provides a differential output voltage on the output terminals 98c and 98d representative 
of the pressure difference between the pressure measured in the sample probe tip 108 and an 
ambient atmospheric pressure. 

The transducer 98 is electrically coupled through lines 1 1 1 to a detector circuit 1 12 
at a pair of input terminals 1 12a and 1 12b. The detector circuit 1 12 receives input signals 
from the pressure transducer 1 12 and provides at its output terminals 1 12c and 1 12d output 
signals to controller 94. 

In operation, and as shown in the flow chart of Fig. 6, the system 66' operates as 
follows. The two port bleed valve 80' is opened and a first volume of air is aspirated by 
dilutor 84 through ports 80a and 80b of bleed valve 80' as recited in step 210 of method 
20 200. A shaft 90 couples a piston 86 to a linear stepper motor 92. In response to signals 
received from controller 94, the stepper motor 92 drives the piston 86 in first and second 
opposite directions within the housing 88. In a preferred embodiment, the controller 94 is 
provided as a microprocessor based controller. In a particular embodiment 50 microliters of 
air are aspirated, though other embodiments could aspirate different volumes of air. 

At step 220 the controller 94 closes ports 80a and 80b of the bleed valve 80'. Step 
230 recites that air is dispensed by activation of dilutor 84, while the probe 108 is being 
moved towaVd the target 32. In this particular embodiment the dispense rate is 
approximately 37.5 microliters per second, though other embodiments could utilize different 
dispense rates. This aspiration of air through the probe results in a positive pressure 
measured by the pressure sensor 98 in step 240. This measured pressure value is used as a 
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reference. As shown next in step 250 the pressure is monitored, and once sample probe tip 
108 enters the fluid, the pressure measured by the pressure sensor 98 increases as recited in 
step 260. The difference between the current pressure and the reference pressure is 
compared to a predetemined threshold value to indicate the detection of the fluid level. At 
step 270, upon detection of the fluid level the movement of the sample probe 102 is stopped, 
bleed valve 80' has ports 80a and 80b opened which will bleed the pressurized air within the 
system into the atmosphere. Also at this time dilutor 84 is repositioned to its home position 
(i.e. the folly dispensed position). Next, as shown in step 280, a volume of air 
(approximately two microliters in this embodiment) is aspirated by dilutor 84 through ports 
80a and 80b of bleed valve 80' to remove any dilutor backlash. As recited in steps 285 and 
290 after approximately 200 milliseconds bleed valve ports 80a and 80b are closed. This 
waiting period allows the system to finish bleeding pressurized air back to the atmosphere. 
As shown in step 295, the fluid can now be aspirated. 

The aspiration and dispensing apparatus described above is capable of accurately 
dispensing and aspirating various quantities of fluid and is most particularly suited for 
accurately aspirating and dispensing ten microliter through two hundred microliter volumes 
of fluid such as air or a sample liquid. Since the present invention dispenses air out of the 
sample probe, instead of aspirating air into the probe, none of the liquid is aspirated into 
the sample probe upon detection of the liquid surface. It is only after the liquid surface 
has been determined that aspiration of the liquid may be commenced. Thus, the rpesent 
invention provides the advantage of producing a more accurate aspiration of liquid since 
none of the liquid is aspirated upon detection of the surface of the liquid. This advantage 
is particularly critical when detecting/aspirating small levels of liquid. Further, an 
additional benefit provided by dispensing air out of the sample probe is that the dilutor 
which is providing the aspiration is closer to its home position, thus the aspiration of the 
liquid can occur more quickly which decreases the cycle time, resulting in higher system 
throughput 

Having described preferred embodiments of the invention it will now become 
apparent to those of ordinary skill in the art that other embodiments incorporating these 
concepts may also be used. Accordingly, it is submitted that the invention should not be 
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limited to the described embodiments but only by the spirit and scope of the appended 
claims. 
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CLAIMS 

What is claimed is: 

1 1 . An apparatus for aspirating and dispensing a sample fluid comprising: 

2 a dilutor having a port; 

3 a bleed valve having a first port and a second port; 

4 a flow through pressure transducer, having a first port and having a second port, said 

5 transducer operative to provide a pressure signal; 

6 a connecting member having a first port, a second port and a third port in mutual 

7 fluid communication, wherein the first port is coupled to the port of said dilutor, the second 

8 port is coupled to the first port of said bleed valve, and the third port is coupled to the first 

9 port of said flow through pressure transducer; 

10 a sample probe having a first port coupled to the second port of said flow through 

1 1 pressure transducer; and 

12 a controller in communication with said dilutor, said bleed valve and said pressure 

13 sensor, said controller operative to control said dilutor and said bleed valve in response to 

1 4 said pressure signal. 



1 2. The apparatus of claim 1 wherein said flow through pressure transducer comprises a 

2 pair of electrical output terminals, and wherein said flow through pressure transducer is 

3 operative to provide said pressure signal as a differential output signal on said pair of 

4 electrical output terminals in response to pressure changes in a fluid path between said 

5 sample probe and said connecting member. 

l 3. The apparatus of Claim 1 wherein said controller comprises a microprocessor. 

1 4. The apparatus of Claim 1 further comprising a detector circuit for receiving said 

2 pressure signal from said flow through pressure transducer and for providing said controller 

3 with a signal reflecting one of a plurality of conditions represented by the pressure in said 

4 flow through pressure transducer. 
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1 5 . The apparatus of Claim 4 wherein said detector circuit comprises: 

2 an amplifier circuit having a first terminal coupled to said flow through pressure 

3 transducer and having a second terminal; 

4 a signal conditioning circuit having a first terminal coupled to the second terminal of 

5 said amplifier circuit and having a second terminal coupled to at least one of: 

6 (a) a fluid level detector circuit; 

7 (b) an aspirate integrity circuit; 

8 (c) a clot detector circuit; and 

9 (d) a tip detector circuit, 

10 each of which having a nominal state signal set therein by said signal conditioning 

1 1 circuit under operation of said controller. 

1 6. The apparatus of Claim 5 wherein said signal conditioning circuit comprises: 

2 a first inverting amplifier having a negative input terminal coupled to the first 

3 terminal of said signal conditioning circuit, having a positive input terminal and having an 

4 output terminal; 

5 a second inverting amplifier having a negative input terminal coupled to the output 

6 terminal of said first inverting amplifier, having a positive input terminal coupled to ground 

7 and having an output terminal; and 

8 a sample and hold circuit having an input terminal coupled to the output terminal of 

9 said second inverting amplifier, having an output terminal coupled to the positive input 

10 terminal of said first inverting amplifier and having a control terminal, wherein said 

1 1 controller is coupled to the control terminal of said sample and hold circuit. 

1 7. A method for aspirating and dispensing a sample fluid comprising the steps of: 

2 aspirating a first volume of air with a dilutor; 

3 dispensing with the dilutor at least a portion of said first volume of air through a 

4 sample probe in fluid communication with the dilutor while moving the sample probe 

5 towards a target sample fluid volume; 
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6 measuring the pressure in the sample probe using a transducer; 

i storing a value of the measured pressure in a detection circuit; 

8 monitoring the pressure in the sample probe using said transducer; 

9 detecting, with said detection circuit, a pressure increase as the sample probe enters 

10 the sample fluid volume; 

11 comparing, using the detection circuit, the difference between the stored pressure 

1 2 value and the currently monitored pressure to a threshold value to determine the detection of 

13 the sample fluid; 

14 stopping movement of the sample probe upon detection of the pressure increase as 

15 the sample probe enters the sample fluid; 

1 6 bleeding pressurized air from the sample probe while returning the dilutor to a home 

17 position; 

1 8 aspirating a second volume of air with the dilutor; 

1 9 waiting a predetermined period of time; and 
2 o aspirating said sample fluid with the dilutor. 

1 8. The method of claim 7 wherein the step of aspirating a first volume of air comprises 

2 aspirating through a bleed valve in fluid communication with the dilutor. 



1 9. The method of claim 7 wherein the step of aspirating a first volume of air comprises 

2 aspirating approximately 50 microliters of air. 

1 1 0. The method of claim 7 wherein said step of dispensing further comprises dispensing 

2 at a rate of approximately 37.5 microliters per second. 

1 11. The method of claim 7 wherein the step of bleeding further comprises bleeding 

2 through a bleed valve in fluid communication with the sample probe and the dilutor. 

1 12. The method of claim 7 wherein the step of aspirating a second volume of air 

2 comprises aspirating through a bleed valve in fluid communication with the dilutor. 
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1 13. The method of claim 7 wherein the step of aspirating a second volume of air 

2 comprises aspirating approximately two microliters of air. 

1 1 4. The method of claim 7 wherein the step of waiting a predetermined period of time 

2 comprises waiting approximately 200 milliseconds. 
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